Renal afferent arterioles (AFF) regulate glomerular capillary pressure through two main mechanisms: the myogenic response (MYO) and tubuloglomerular feedback (TGF). Because Rho-kinase and nitric oxide synthase (NOS) are established factors that modulate vascular tone, we examined the role of these factors in pressure-induced AFF tone in Wistar-Kyoto rats and in spontaneously hypertensive rats (SHR) using an intravital CCD camera. Elevated renal perfusion pressure elicited marked AFF constriction that was partially inhibited by gadolinium, furosemide and fasudil, which inhibit MYO, TGF and Rho-kinase, respectively; however, this AFF constriction was completely blocked by combined treatment with fasudil+gadolinium or fasudil+furosemide. S-methyl-l-thiocitrulline (SMTC) partially reversed the fasudil-induced inhibition of TGF-mediated, but not that of MYO-mediated, AFF constriction. In SHR, the pressure-induced AFF response was enhanced, and MYO-and TGF-induced constriction were exaggerated. In the presence of gadolinium, SMTC partially mitigated the fasudil-induced inhibition of TGF-mediated AFF constriction. Immunoblot analyses demonstrated that both Rho-kinase activity and neuronal NOS were augmented in SHR kidneys. In conclusion, Rho-kinase contributes to MYO-and TGF-mediated AFF responses, and these responses are enhanced in SHR. Furthermore, neuronal NOS-induced nitric oxide modulates the TGF mechanism. This mechanism constitutes a target for Rho-kinase in TGF-mediated AFF constriction.
Introduction
Rho/Rho-kinase plays an important role in the regulation of vascular tone by enhancing calcium sensitivity. 1 A growing body of evidence has indicated that activated Rho/Rho-kinase in vascular beds is responsible for pathophysiological conditions, including hypertension 2 and coronary vasospasm. 3 Furthermore, the Rho/Rhokinase pathway has been demonstrated to contribute to the development of renal injury in various models of renal disease. 4, 5 Additionally, in the renal microcirculation, the myogenic response and the tubuloglomerular feedback mechanism (TGF) constitute the two main mechanisms responsible for renal autoregulation and are mediated by active adjustments of vascular smooth muscle tone, primarily in the afferent arterioles (AFF). 6 Recently, Rho/ Rho-kinase was found to be responsible for the generation of renal arteriolar tone, and Y-27632, a Rho/Rhokinase inhibitor, was found to decrease basal renal arteriolar tone and impair the myogenic response of AFF in hydronephrotic kidneys (in which AFF tone is regulated mainly by the myogenic response of renal arterioles) both in vivo 7 and in vitro 8 . Nevertheless, the role of Rho/Rhokinase in the TGF mechanism remains to be determined.
Nitric oxide (NO) is produced by three isoforms of NO synthase (NOS): endothelial NOS (eNOS), inducible NOS and neuronal NOS (nNOS). Although it has been postulated that in the kidney eNOS predominantly synthesizes NO, recent studies have shown that nNOS is abundantly expressed in macula densa cells, Bowman's capsules, cells of the thick ascending limb and endothelial cells of renal microvessels. 9 Furthermore, nNOS-derived NO plays an important role in counteracting the modulation of TGF-mediated AFF constriction. 10 Recently, an interaction between NO and the Rho/Rho-kinase pathway was demonstrated. Shin et al. 11 reported that Rho-kinase negatively regulates eNOS activity in the acutely ischemic brain. Furthermore, the Rho/Rho-kinase signaling pathway is amplified in kidneys from eNOS-deficient mice. 12 In this regard, it has been demonstrated that the Rho-kinase pathway participates in adenosine-induced contraction of renal arterioles. 13 Because adenosine has been established as a factor mediating TGF, there exists a complex relationship among Rho-kinase, NOS and adenosine in the renal microcirculatory milieu. Although these interactions have attracted much interest, no studies have examined the mutual actions among these components.
In the present study, we examined the role of Rho/ Rho-kinase in mediating pressure-induced changes in renal arteriolar tone in rat kidneys using an intravital needle-type CCD camera technique to directly visualize the renal microcirculation. Furthermore, the interaction between Rho/Rho-kinase and nNOS in mediating pressure-induced AFF constriction was also investigated. Finally, we evaluated these responses in kidneys from Wistar-Kyoto rats (WKY) and spontaneously hypertensive rats (SHR) to clarify whether hypertension modifies these responses.
Materials and Methods

Intravital, pencil-lens-probe, charge-coupled-device videomicroscopy
The intravital videomicroscope used in the present study was a modification of a needle-lens probe previously detailed elsewhere. 14 Images on the CCD were converted into black-and-white video signals every 33 ms and recorded on videocassette tape. The spatial resolution of this system was determined by the use of a United States Air Force 1951 test target to be 0.9 μm for ×600 magnification on a 15-inch video monitor.
Animal preparation
All experimental procedures were conducted in accordance with the guidelines of the Animal Care Committee of Keio University. Nine-to eleven-week-old male WKY and SHR (Charles-River Japan, Kanagawa, Japan) were fed a standard laboratory chow. The animals were anesthetized with pentobarbital sodium (50 mg/kg intraperitoneal injection) and the left kidney was exposed via a flank incision and isolated from the surrounding tissues. The tip of the CCD camera probe was introduced into the renal cortex, and AFF diameters were assessed. The left carotid and femoral arteries were cannulated (PE50, Becton Dickinson, Franklin Lakes, NJ) to measure arterial blood pressure with the use of a pressure transducer (TP4009, Nihon Koden, Tokyo, Japan). The pressure measured at the carotid artery was assumed to be the renal perfusion pressure (RPP). 15 
Measurement of microvascular diameter
After the surgical procedure and instrumentation, the pencil-lens probe was introduced into the superficial cortex. 14 The probe was moved inside slowly to obtain clear images of glomeruli and the adjoining afferent arterioles using a three-dimensional micromanipulator. After determination of the microvascular area for observation, the probe was pulled back in several increments of 10 µm to prevent direct compression of the glomerular network. AFF were distinguished by the direction of the blood flow. Video images were continuously recorded on videocassette tape.
The sequential images of renal microvessels were analyzed by a computer (840AV; Apple Computer, Cupertino, CA, USA) using a freeze-frame modality. The density in gray-scale mode was digitized to an arbitrary unit along the scanning line across the vessel. The difference in the gray scale between the peak value and the background noise level was divided into quarters. The position with the density value a quarter higher than the noise level was identified as the inner wall of the vessel, as described previously. 16 The diameters were determined by averaging at least five measurements during the plateau of the response.
Immunoblotting of Rho-kinase and nNOS
Renal cortical tissues were lysed and sonicated in solubilization buffer. Immunoblotting was performed as described previously, 17, 18 using specific antibodies against phospho-MYPT1 (Upstate Biochemistry, Lake Placid, NY, USA) and nNOS (Transduction Laboratories, Lexington, KY, USA). Immunoreactive bands were detected using an ECL detection kit (Amersham Biosciences, Uppsala, Sweden).
Experimental protocols
Protocol 1: Effect of elevated RPP on renal microvascular tone
One hour was allowed after stabilization of renal hemodynamics. After observation of the basal AFF diameters in WKY and SHR, RPP was elevated by clamping the celiac artery and the superior mesenteric artery. Then, RPP was further elevated by clamping the descending aorta at the peripheral level of renal arteries. The AFF diameters were measured at each RPP.
Protocol 2: Effect of gadolinium and furosemide on pressure-induced changes in AFF tone
The roles of TGF and the myogenic response in mediating pressure-induced AFF vasoconstriction in vivo was evaluated using gadolinium (Gd) and furosemide in WKY and SHR. Gd is a relatively selective blocker of mechanosensitive cation channels and thereby abolishes myogenic constriction. 19, 20 In contrast, loop diuretics such as furosemide cause significant diuresis and natriuresis by inhibiting the Na-K-2Cl cotransporter in the thick ascending limb of Henle's loop, including the macula densa, and induce vasodilation through inhibition of the TGF mechanism. 21 Initially, Gd was infused intravenously (5 or 10 mg/kg; Sigma Chemicals, St. Louis, MO, USA). After 5 min, the effect of the stepwise RPP elevation on AFF diameter was assessed. Similarly, AFF responses to elevated RPP were examined 5 min after initiation of intravenous infusion of furosemide (10 or 16 µg/kg/min; Sigma Chemicals).
Protocol 3: Role of Rho-kinase in pressure-induced AFF tone
The participation of Rho-kinase in pressure-induced AFF constriction was evaluated in WKY and SHR. Initially, fasudil (Asahi Kasei, Tokyo, Japan) was infused intravenously at 0.3 or 0.6 mg/kg for 5 min. Thereafter, the pressure-induced changes in AFF diameter were assessed in WKY and SHR.
We further evaluated the role of nNOS-associated nitric oxide in Rho-kinase-mediated AFF constriction. S-methyl-l-thiocitrulline (SMTC; Sigma Chemicals), an nNOSselective inhibitor, 22 was infused at a rate of 20 µg/kg/ min. Then, the inhibitory action of fasudil (0.6 mg/kg) on pressure-induced AFF constriction was evaluated in WKY and SHR.
To further clarify whether SMTC-associated NO inhibition affected myogenic or TGF inhibition by fasudil, we examined the effect of fasudil on pressure-induced AFF tone under pretreatment with SMTC (20 µg/kg/min) and Gd (10 mg/kg) or furosemide (16 µg/kg/min). Thus, fasudil was injected intravenously in the presence of Gd or furosemide, and the effect of fasudil on the pressureinduced changes in renal arteriolar tone was evaluated.
Statistical analysis
Data are expressed as the mean ± SEM. Data were analyzed by two-way analysis of variance (ANOVA), followed by Bonferroni's multiple-comparison post hoc test. P < 0.05 was defined as statistically significant. Figure 1A shows representative images of AFF responses to elevated RPP in WKY. On elevation of RPP, AFF manifested marked constriction, whereas no constrictor response was observed in the efferent arteriole. The responses of AFF to pressure are summarized in Figure 1B . Elevation of RPP from 78 ± 6 to 106 ± 6 mmHg tended to reduce AFF diameter (from 12.6 ± 0.5 μm to 11.9 ± 0.5 μm, n =10, P > 0. 20) , and elevation to 140 ± 8 mmHg elicited 17.5 ± 2.0% constriction (from 12.6 ± 0.5 μm to 10.6 ± 0.4 μm, n =10, P < 0.05).
Results
Protocol 1: Effect of elevated RPP on renal microvascular tone
Protocol 2: Effect of Gd and furosemide on pressureinduced changes in AFF tone
Neither Gd (5 and 10 mg/kg) nor furosemide (10 and 16 µg/kg/min) had any effect on the basal AFF diameter in WKY (data not shown). The addition of Gd (5 and 10 mg/kg) blunted the pressure-induced changes in AFF diameter in a dose-dependent manner in WKY, (n =10, Fig. 2) . Similarly, furosemide (10 and 16 µg/kg/min) significantly inhibited the pressure-induced constriction of AFF (n =10). Furthermore, combined treatment with Gd (10 mg/kg) and furosemide (16 µg/kg/min) completely abolished this response (n =10).
Protocol 3: Role of Rho-kinase in pressure-induced AFF tone
As shown in Figure 3A , the administration of fasudil dilated AFF in a dose-dependent manner at baseline RPP in WKY (baseline, 11.5 ± 0.5 μm; 0.3 mg/kg, 12.2 ± 0.5 μm; 0.6 mg/kg, 13.3 ± 0.5 μm; P < 0.05; n =10).
In the presence of fasudil (0.6 mg/kg), pressure-induced AFF constriction was blunted, with only 1.1 ± 1.1% (P < 0.05 vs. control) and 4.3 ± 0.8% decrements (P < 0.01 vs. control) observed at 110 ± 8 and 143 ± 6 mmHg, respectively (Fig. 3B, lower) .
The ability of fasudil to inhibit the TGF-mediated and myogenic AFF tone was evaluated in WKY. In the presence of Gd (10 mg/kg), fasudil (0.6 mg/kg) abolished the AFF constriction induced by elevated RPP (1.1 ± 0.8% vs. 9.5 ± 1.2% decrease in diameter) (Fig. 4) . Similarly, in the Gadolinium and furosemide blunted pressure-induced afferent arteriolar constriction in a dose-dependent manner. Pretreatment with both gadolinium and furosemide completely abolished the response. *P <0.05 vs. control, **P <0.01 vs. control. presence of furosemide (16 µg/kg/min), fasudil (0.6 mg/ kg) abolished the RPP-induced AFF constriction (1.2 ± 2.0% increase vs. 7.8 ± 0.8% decrease in diameter).
Next, the role of nNOS in fasudil inhibition of pressure-induced AFF constriction was examined in WKY. SMTC (20 µg/kg/min), an nNOS-selective inhibitor, had no effect on basal AFF tone but enhanced pressure-induced constriction (23.2 ± 1.6% vs. 17.5 ± 2.0% decrease in diameter, P < 0. 05, n =10, Fig. 5A ). When the effect of SMTC on fasudil-induced inhibition was assessed, SMTC markedly restored the AFF response to elevated RPP (12.0 ± 1.6% vs. 4.3 ± 0.8% decrease in diameter, P < 0.05, n =10).
We further examined whether the effects of SMTC on fasudil-induced inhibition were mediated by a myogenic or TGF mechanism. In the presence of Gd (10 mg/kg), fasudil (0.6 mg/kg) completely abolished the AFF constriction induced by elevated RPP (1.1 ± 0.8% decrease in diameter, Fig. 5B ). The addition of SMTC (20 µg/ kg/min) reversed the fasudil-induced inhibition of RPPinduced AFF constriction (9.1 ± 0.6%, P < 0.05) to the level observed in the presence of Gd (i.e., 9.5 ± 1.2%, P 5C ). In this setting, however, SMTC failed to reverse the fasudil-induced inhibition of AFF vasoconstriction.
Protocol 4: RPP-induced constriction in SHR
The basal AFF diameter in SHR (10.0 ± 0.4 μm, n =10) was slightly less than that in WKY (12.6 ± 0.5 μm, P < 0.05). AFF of SHR exhibited 12.2 ± 2.0% and 24.9 ± 2.3% decreases in diameter (n =10, P < 0.01) in response to elevated RPP (Fig. 6A) . It is of note that the AFF constriction in SHR was greater than that in WKY in response to the same magnitude of elevated RPP.
The ability of Gd and furosemide to inhibit elevated RPP-induced AFF constriction was compared in WKY and SHR. Both Gd and furosemide inhibited RPP-induced AFF vasoconstriction in a dose-dependent manner in WKY and SHR (Figs. 6B and C) . Of note, the inhibitory action of Gd tended to be greater in SHR than in WKY, and the ability of furosemide to inhibit RPP-induced AFF vasoconstriction was actually enhanced in SHR.
The administration of fasudil at baseline RPP dilated AFF from 9.3 ± 0.5 µm to 11.0 ± 0.5 µm (0.3 mg/kg; P < 0.05, n =10) and 12.5 ± 0.6 μm (0.6 mg/kg; P < 0.01, n =10) in SHR, which corresponded to 18.3 ± 3.3% and 23.7 ± 4.0% vasodilation, respectively (Fig. 7A) ; the vasodilator responses to fasudil were greater in SHR than in WKY (P < 0.05).
Fasudil markedly inhibited the pressure-induced constriction of AFF in SHR (control, 24.9 ± 2.3% decrease; fasudil, 7.3 ± 1.5% decrease; Fig. 7B, black bars) . It is of note that fasudil eliminated the difference in RPPinduced AFF vasoconstriction between WKY and SHR.
Pretreatment with SMTC enhanced the pressure-induced AFF constriction in both SHR and WKY ( Fig.  7C; see also Fig. 7B, control) . Furthermore, SMTC restored the fasudil-induced impairment in the AFF constrictor response to pressure more greatly in SHR than The same magnitude of elevation in renal perfusion pressure caused a larger vasoconstrictor response in SHR than in WKY (A). When the inhibitory action of gadolinium or furosemide on pressure-induced constriction was evaluated, the ability of gadolinium to inhibit afferent arteriolar constriction tended to be greater in SHR than in WKY (B). Similarly, the inhibition of pressure-induced constriction by furosemide was greater in SHR (C). *P <0.05 vs. control, **P <0.01 vs. control.
in WKY ( Fig. 7C; see also Fig. 7B, Fas) . An enhanced AFF responses in SHR was also apparent when the effect of SMTC was examined in the presence of Gd; the fasudil+Gd-induced inhibition of pressure-induced AFF constriction was identical in WKY and SHR, whereas in the presence of SMTC, a greater constrictor response was observed in SHR (14.3 ± 0.9%, n =10) than in WKY (8.6 ± 1.1%, n =10) (Fig. 7D) . These observations suggest that fasudil-induced inhibition of pressure-induced AFF constriction is mediated in part by nNOS-induced NO and the resulting TGF inhibition, and this mechanism is exaggerated in SHR. In the presence of furosemide, however, SMTC failed to reverse the inhibition by fasudil of the AFF constrictor response to pressure (data not shown). Figure 8A illustrates the comparison of Rho-kinase activity (as assessed by phosphorylation of MYPT) in kidneys from WKY and SHR. It was clearly demonstrated that Rho-kinase activity was greater in SHR than in WKY (n =3). Similarly, intrarenal nNOS was upregulated in SHR relative to WKY (n =3, Fig. 8B ).
Discussion
In the present study, we confirmed that both myogenic and TGF-mediated AFF constriction can be visualized in an in vivo, in situ and relatively intact setting (Figs. 1, 2) . Furthermore, fasudil was found to elicit dose-dependent relaxation of the basal and pressure-constricted tone of AFF (Fig. 3) . These findings indicate that the Rho-kinase pathway is involved not only in the generation of basal The vasodilator effect of fasudil on basal afferent arteriolar tone was larger in SHR than in WKY (A). Although the pressure-induced constrictor response was greater in SHR, fasudil (Fas, 0.6 mg/kg) prevented this response to the same extent in SHR and WKY (B). In contrast, pretreatment with SMTC mitigated the inhibitory action of fasudil (Fas) during pressure-induced AFF constriction, and this mitigation effect was more pronounced in SHR (C). SMTC restored the pressure-induced AFF constriction that was almost completely inhibited by gadolinium (Gd, 10 mg/kg)+Fas, and this restorative action was greater in SHR (D). White bars, WKY; black bars, SHR. # P <0.05 vs. baseline, ## P <0.01 vs. baseline. † † P <0.01 vs. control. * P <0.05 vs. SMTC. § P <0.05 vs. Gd+Fas, § § P <0.01 vs. Gd+Fas. tone but also in the development of pressure-induced tone in the renal microcirculation. Moreover, further inhibition of pressure-induced constriction by fasudil during the inhibition of myogenic and TGF-induced tone by Gd and furosemide, respectively, suggests that Rho-kinase makes a substantial contribution to both of these vasoconstrictor mechanisms (Fig. 4) . In addition, we recently demonstrated that Y-27632 (a selective Rho-kinase inhibitor) prevents pressure-induced AFF constriction in the isolated perfused hydronephrotic rat kidney 8 in which the TGF-mediated AFF constrictor mechanism is absent. 23 This finding suggests a crucial role for Rho-kinase in the myogenic mechanism of pressure-induced AFF constriction. The present study further indicates the involvement of Rho-kinase in TGF-mediated AFF tone in addition to its role in myogenic tone. Thus, our current study clearly supports the concept that Rho-kinase constitutes a determinant of both myogenic and TGF-induced AFF tone.
It is well established that the TGF mechanism involves multiple components that affect AFF tone in a positive or negative manner. Among these components, NO is assumed to be a modulator of TGF that counters TGFmediated AFF constriction. 10, 22 Indeed, we and other laboratories previously reported that elevated RPP elicited increases in renal NO levels. 24, 25 Immunohistochemical studies have revealed the presence of nNOS in the kidney, with expression primarily localized to the cells of the macula densa, 26 and selective nNOS inhibition causes a 32-42% reduction in renal cortical and medullary NO levels in normotensive rats. 27 These observations suggest that nNOS-dependent NO production constitutes a significant portion of the total NO generation within the kidney. Collectively, our study is consistent with the premise that TGF is influenced by nNOS-induced NO.
The present study shows that the inhibition of nNOS by SMTC enhances pressure-induced AFF constriction (Fig. 5A) . Furthermore, the ability of SMTC to restore pressure-induced AFF constriction is preserved during the treatment with fasudil (12.0 ± 1.6% vs. 4.3 ± 0.8%, P < 0.01). It follows, therefore, that the inhibition by fa- sudil of pressure-induced AFF constriction is modulated in part by the vasodilator action of nNOS-generated NO. We carried out further experiments to delineate the role of Rho-kinase in TGF-mediated AFF constriction. Thus, in the presence of Gd, in which TGF is assumed to be a main constrictor mechanism, fasudil completely abolished pressure-induced AFF constriction. In this setting, SMTC pronouncedly reversed this response (Fig. 5B) . These observations strongly suggest that the inhibition of TGF by fasudil is mediated largely by the activation of nNOS. It is known that Rho-kinase exerts multifaceted effects that are necessary to maintain various cellular functions. In addition to the Ca-sensitizing action of Rho-kinase in vascular smooth muscle cells, Rho-kinase activation causes the suppression of eNOS activity. 11, 28 Furthermore, our finding that SMTC reverses the fasudilinduced suppression of TGF lends support to the hypothesis that Rho-kinase modulates nNOS activity and the subsequent production of NO.
In contrast, in the presence of furosemide, SMTC fails to affect the fasudil-induced inhibition of pressureinduced AFF constriction (Fig. 5C ). This observation suggests that nNOS-induced NO appears to exert only modest action on myogenic AFF constriction. In this regard, by using nNOS-knockout mice, Dautzenberg et al. 29 showed that nNOS-generated NO had no significant effect on the myogenic response. Several studies have examined the effect of NO on the myogenic response of the renal microcirculation. An in vivo study revealed that NO inhibition fails to alter the autoregulatory efficiency of renal blood flow, although basal blood flow was reduced. 30 These results suggest that NO does not impair the myogenic AFF response. Similarly, nitro-l-arginine methyl ester (a L-NAME) has no effect on the myogenic AFF responses in the in vivo hydronephrotic kidney 31 or fails to enhance the efficiency of myogenic AFF constriction. 32 Finally, nitroprusside, cyclic GMP, and atrial natriuretic peptide, which shares its intracellular signal transduction pathway with NO, failed to inhibit myogenic AFF constriction. 33 In contrast, recent studies have demonstrated that TGF-mediated NOS activation modifies myogenic autoregulation 34 and the AFF response to pressure. 35 Because the dilator action of NO is mediated in part by protein kinase G and the inhibition of Rho A, 36 this mechanism might explain how NO could modulate the myogenic AFF response. A schematic illustrating the possible roles of Rho-kinase in the myogenic response and in TGF and the association between Rho-kinase and nNOS is shown in Figure 9 .
Several studies have shown that the renal microvascular response to pressure is altered in hypertension. Thus, myogenic constriction was reported to be enhanced in AFF from SHR. 37 Furthermore, Welch et al. 38 showed that TGF is augmented in AFF from SHR. In the present study, we demonstrated that the AFF of SHR kidneys manifest exaggerated responses to elevated pressure (Fig.  6A) . Furthermore, both TGF and myogenic components are enhanced in SHR compared to those in WKY (Figs.  6B and C) . These in vivo findings are therefore consistent with the previous in vitro observations described above and support the concept that an enhanced AFF constrictor response to pressure protects against high systemic blood pressure in hypertensive animals.
The mechanisms underlying the augmented AFF constrictor response to pressure in hypertension remain undetermined. One possible mechanism is enhanced Rhokinase activity in hypertensive animals. Uehata et al. 2 demonstrated that Y-27632, a Rho-kinase inhibitor, elicited an exaggerated depressor action when administered in hypertensive animals. In the present study, we examined the role of Rho-kinase in renal microvascular tone in SHR and observed an enhanced vasodilator effect of fasudil on the AFF (Fig. 7A) . Furthermore, fasudil abolished the exaggerated pressure-induced AFF constrictor response observed in SHR (Fig. 7B) . These observations suggesting enhanced Rho-kinase activity in SHR kidneys were confirmed by the immunoblotting of MYPT-1 (Fig. 8A) . It follows, therefore, that Rho-kinase activity constitutes an important determinant of the enhanced pressure-induced AFF constriction in SHR.
The role of nNOS in mediating the renal microvascular action of Rho-kinase in hypertensive animals remains unclear. In contrast to the effect of fasudil on pressureinduced AFF constriction (Fig. 7B) , pretreatment with SMTC mitigated the inhibitory action of fasudil on pressure-induced AFF constriction, and this effect was more pronounced in SHR (Fig. 7C) . Thus, SMTC restored the difference in pressure response between WKY and SHR. Furthermore, in the presence of Gd, i.e., when TGF is predominantly mediating the pressure-induced AFF constriction, the reversal by SMTC of fasudil-induced inhibition of the pressure response is exaggerated in SHR (Fig. 7D) . These observations raise the possibility that augmented Rho-kinase in SHR suppresses nNOS activity and NO production, which subsequently enhances TGF signaling. Finally, renal nNOS expression is upregulated in SHR (Fig. 8B) , which may serve to counter suppressed NO activity or bioavailability. 39 In conclusion, we demonstrated that the Rho/Rhokinase pathway is involved in the pressure-induced tone of the renal microcirculation. This novel mechanism exerts its action through several vasomotor components within the renal microcirculation, including the TGF and myogenic tone, and is further affected at least in part by nNOS-associated TGF modulation. Finally, the exaggerated pressure-induced tone in hypertensive animals is attributable to the enhanced activity of Rho-kinase. It awaits further investigations to determine whether exaggerated Rho-kinase activity protects against glomerular hypertension or contributes to the progression of renal injury in hypertension. Fig. 9 Schematic illustrating the role of Rho-kinase in myogenic and tubuloglomerular feedback-mediated afferent arteriolar vasoconstriction. Elevated renal perfusion pressure enhances both myogenic and TGF mechanisms and causes afferent arteriolar vasoconstriction. Rhokinase mediates or modulates the myogenic mechanism. TGF is under the negative control of nNOS-mediated nitric oxide (NO). Rhokinase is assumed to suppress nNOS activity and NO production, leading to augmentation of TGF-mediated afferent arteriolar vasoconstriction. Gadolinium (Gd) is a selective inhibitor for mechanosensitive cation channels that mediate myogenic vasoconstriction. Furosemide inhibits the Na/K/2Cl cotransporter in the macula densa that plays an important role in TGF. S-methyl-l-thiocitrulline (SMTC) is a blocker of nNOS activity and suppresses NO production.
